T B o . e

‘Ul . ’ . : - ) yL L‘E‘z* -;:.’-.:.,. ’
” - JUN 6 1947~ =557
PR '___,“' '~ R L

NATIONAL ADVISORY COMMITTEE

|~ -~ FOR AERONAUTICS
MIIIIIWMHMIINIMIVIHM HMIIN@IM!I » T

0105 0
e l TECHNICAL MEMORANDUM

No. 1148
& LIFT INCREASE BY BLOWING OUT AIR, TESTS ON AIRFOIL OF
i
o 12 PERCENT THICKNESS, USING VARIOUS TYPES OF FLAP

By W. Schwier
Translation

«Versuche zur Au:ftr1ebsste1§erung durch Ausblasen von Luft
an einem Profil von 12 °/, Dicke mit verschiedenen
Klappenformen”

Deutsche Luftfahrtforschung, Forschungsbericht Nr, 1658

~WE

Washington

June 1947 o
" N A CA LIBRARY
LANGLEY MEMORIAL AERONAUTICAL

| . LABORATORY

| Langtey ¥Field, Va

b_—l-n-l--l--—ﬂll 11N | A (AR N [ | AN N NN AR W[ IIIIII_—



NATIORAL ADVISORY COMMITTEE FOR AERONAUTICS

| TEOENIOAL MEMCRAFDUM NO, 1148

LIFT INCREASE BY BLOWING OUT AIR, TESTS ON AIRFOIL CF
12 PERCENT THICKNESS, USING VARIOUS TYPES QF FLap*
By W. Sohwler

SUMMARY

The NACA 23012-&4 airfoil was investigated for the purpose
of increasing lift by means of blowing out alr from the wing, in
oconjunction with the effeoct of plain flap of variable contour *
and slotted flap of 25-vercent ohord length., The wing also wac
provided with a hinged nose, to be defleoted at will., Air was
blown out from the wing immediately in front of the flap; alseo
at the opening between wing and hinged nose.“ tangentially to the
surfaco  of the wing., Another devioce employed to inorsase maximum
1ift waas a moveble slat, to be opened to form a slot. -

. 1Lift was measured in relation to thc volume of blown-out
alr end oonsiderable inoreasss were observed with in~reaslng
volume,.

The slotted flap wes vprovided with prescure tubes. In order
to determine moments, normal and tangential forcee on the flap,
pressure distributions were teken at sevsral angles of attack
and various deflections of the flep.

Contents: I. Introduotion
IIl. Statement of the Test Problem .
ITI, Desoription of Models and Test Procedure
IV. &Symbols and Evaluation
Ve Test Resvits
V1. Conclusioms
ViI. Refereroes

Y -

*"Yersuche sur Auftriebastolgerung durch Ausblasen von Luft
an einem Profil von .12 °/o'Dioke mit verschiedenen Klappenformen,™.
Zentral fur wicssenschaftliches Berichtswesen der luftfahrtforschung
des Generclluftzeugneisters (ZWB) Berlin-hdlershof, Forschungs-
bericht Nr. 1658 GGttingen, Sept. 15, 1QL2,

lTrenslator's Note. From the German "Eniocknase,"
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f. INTRODUCTION

The present report em blowing tests on an NACA 23012-4,; air-
foll is one of & series of vapers on various alrfolls for the
purvose of inoreasing lift by dblowing .out air., Up to the present,
reporte in this series inolude testson an airfoil of 18 percent
thickness (1), a symmetriocal airfoll of 12.8 percent thickneass (2)
and of 9 percent thickness (3). A further report is now being
rrepared on testson an NACA 23015 uirfoll.

The tests contained in the report at hand enoountered the
partioular interest of the Messerachmitti ocompany and in vart
were oarried out with thelr support.

I1. STATEVENT OF THE TEST VROBLEX "

The problems of this investigation are subateantially
ocorresvonding to those stated in astudying the eirfoll of 9 per-
cent trickness and are more fully discussed in the thereto
vertaining report.

The problems comnsist of inoreasing 1lift to the highest
attainable value, determination of effects of =lot and flap and
of hinged nose and flap to the best advantage of lift as wsll
as observation of affect of blown-out air on the lift. To
obtaln informetion concerning the moments avplied tc operate the
flap, the forces acting upon the latter are to be obtained in
relation to the volume of blown-out alr,

III. DESCRIPTION OF ¥ODELS AND TEBST PROCEDURE

The tests here disoussed have been verformed on the NACA 23712-,
airfoil, with maximum thicknecss at Lj0-percent shord and leadlng-edge
redius of the rormal size. The eirfoil, whose coordinates are
taken from NACA Rep. 610 (L), is shomn, with the above mentioned
high-1ift devices, in figures 1 and 2.

The types of flap revresented in fimure 2 were tested a
few months -after thoss shown in figure 1. The tywe employed first
was a plain flan, figure 1, type a, of 2,-percent chord lsngth
(with respect to wing chord) measured from hinge to tralling edgs.
This flap has been drsigned with an offset in the forward
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seotion (om ths suction side). This was done in order to obtain
the shaps of blowing slit thought to be of best advantage as
"well as insurs thorough tiglithess of the 3lit with the flap in
streamlined position. However, the offset proved to have adveree
effects on blowing of air upon the flap, therefore, it was evened
out by covering it up with sheetmetal (fig. 1, type b). Later
on, flaps type o and 4, figure 1 were produced by applications
of plastiline to that section, thus o‘bta!.ning & thioker oontour.
Thess have been termed "moderately thickened” {type o) and
"heavily thickened" (type d).

In further tests the wing was provided with a plain flap .of
2y percent and a slotted flap.of 25-péroent chord length (fig. 2).
To getermine the best position of the hinge of the slotted flap
during blowing out air, this positlon was variable within wide
limits. The hinge of the plein flap at first wes fixed; however,
in oourss of the tests it becawme oxpeditious to disvlace it
to some extent. )

Alr was blown out from the wing just forward of the flap;
a change in width of the blowing=-dut 2lit wae ascamplished by
interchanging the aft wing section,

Other means provided at the nose seation to inorease 1lift
inolude a slat of 13 peroent and a hinged nose of 17.5-peroent
chord lsngthe Position of the slat wus variable ucocording to
the series of holes shown in figure 1, ochanging the width of slot
formed by the slat at the same time. Construction of tho hinged
nose wae such thet by defleoting the latter e sllt was formed
between hinged nose and the main wing surface, from which air
oould be blown out in a direction tangential to the wing surfaoe.

The inside of the wing has been subdivided by a dlagonal
well into two airtight partitions in such a manner that air was
blown out from ons partition just forward of the flap and from
the' other immediately aft of the hinged nose.

The chord length of the wing model is 3 = 0.3 meter,
the span b = 1.2 meters snd 1t has been provided with end
plates of 0,53-meter diameter.

The already established method has been followed in the tests.
First the volume of blowneout air is inoreased to a high value,
maintaining unseparated flow in the procedure as oonoluded fram
taft observatione, In the nuxt step this volume is.reduoced_taklng
1lift measurements at the same times In order to find any existing
- difference between the effeot of deoreasing and inoreasing
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volume in the o04(0Q) relation, in some "instances 1ift was
determined at inoreasing volume as well. _ : .

Although drag was conourrently determined- by the drag balanoce,
the correenonding measurements are here not reported due %o the
inherent 1nmoouraocy of the test prodedure wlth respcet to drag.

The slotted flap has been provided with pressure tubes
located ot the ocenter of the span, which served to determine the
moments on the flup during blowing out air, Ths position of the
tubes is shown in figure 2(a), represeating the slotted flap
apart fram tho wing. In order not to affect foroe measurcments by
the vreseure tubes nrotruding from the wing, pressure distributions
on the flap were obtalned in separate tests.

IV. SYKBOLS AND BVALUATION

Eymbols Used in Evaluating the Measurements

total 1lift in kilograms, measured by balance

pitching moment cf wing in meter-kilograms, with respeot
to 0.25~cherd point of wing

normal force aoting on flagp, in kilegrams

e

tangential force acting on flap, in kilograms

My moment acting on flap with respect to hinge of flap, in
meter-kilopgrams

v velooity of blower stream in meters/second

Vg mean velocity of blown-out air &t outlet in meters/second

F 0.3613211:_1:-0 meter, wing surface with olosed flep and olosed
slat

1 0¢3 meter, wing chord with closed flap and olo.sed slat

b 1.2 meters, wing span of model

Fr flap surface, taken from hinge to trailing edgs, in

square meters ,
I length of flap, taken from hinge to trailing edge, in meters
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3, . length of slat, taken parallel to wing ohord, 1n meters

5] length of hinged nose in meters

s width of blow-slit et the flap in metors

sy width of blow-slit at hinged nose in meters

By width of slot (between slat and wing) in meters

Q volume of air blown out at flap in ouble meters/second

Qy volume of air blown out at hinged nose in ocuble meters/second

Ps» Py ©Xocess pressure in wing required for blowing out the
volumes Q and Qs respectively, in kilogram/aq_u_are mster

— A - X .
®EP o T 1 rTg
> voF 5 verl 5 VPl
(] = s 3 o Tr
B = Ir ~
P P
E szr § 5 vaFr
3
°3 v"?’ M TFF % pv2’ °pR <5
z 2
a geometrical angle of attack, taken between wing chord and
wind~tunnel axis

a angle of attack for infinite aspeot ratio and infinite
Jet dimensions .

3 Translator's Note. The above coefficients will be recognized
a8 1lift coeffioient (oq), moment coefficient (oy)s; while-the others
may be denoted as moment coeffiolent of flup (or), normal-force
coefficiont of flav (om.), tangential coeffloient of flav (opy),
oQ and o4 are coefflcisnts of the blown-out air volume and
° and Cpy cocoffloients cf internnl pressure.
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n flap deflection
Ny hinged nose deflection
A aspect ratio (}bﬁ) .

Conversion of a ¢to amn

(1) Correotion applisd for finite jet dimensions:

afy = 0y X 0.65L°

(Calculated according to Gottinger Lieferung, page 12.)

(2) Correction applied for Pinite aspect ratio:
94
af= E ~ % 57.3°

The faoctor K applied to correot for wing with end
plates; the value for the end plates used was determined
exverimentally (5). With this wvalues

a;= 0y X 2.811°

Deduoting a4, and a3 from a the total correction
beoomes:

a® = % = ad = o, x 3.465° .

The drag coefficient oy "has been used to caloulate oy from
1ift and drag measurements. Although, &s mentioned above, oy ocould
be determined with poor acouraocy, its influsnos in caleulating
pitohing moments is small compared to that of 1ift snd has been
allowed to be taken lnto aoccount.

- w ——— —— - -

3 Pranslator's Note. The formjla for a? is taken from part 9
of this series of reports. It ls inocorrectly quoted in the original
of this report (vage 6 of the German text).
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.- .The moment coeffioient of flap is found from pressure distribut:lona
. us:lng the equation

Oy = P--!- =\- [2.X X
°r fqzrd(r) qzrd(lr)

where the ‘first term rerresents moment of the tangential, the second
term that of the normsl-component forces. Using the ‘signs as given
in the equatlon, the moment 1s positive for a positive tangential
foroe above, and for positive normal force forward, of the flap
hinge. The integrals are determinecd by plotting g—r and q T—

: r

as funotions of 1’— and 7.!' , respectively, and evaluating the
r r -

areas under the oorresponding curves with the planimster,

- o AT

The normal and tangertial force coefficients are obtained in
similer manner, from vrressure distributions with the equations

N

°“’=d/ %d(%t;)

e =f T d({;)

The theoretlocal 1ift coeffioients o‘th= flae) is inoluded in

the diagrams for ocomparison of the experimentally obtained results.
The values for the theoretlocal ourve are caloulated (Walz (6))
for a streamlined airfolil (without flap) from

- -Q.wu.--.

‘e '%tﬁ=-:6-95 sin (_ag-f 1.29)

- ~

Deviations of the theoretical ourve due to defleoted flap
are oalculated acoording to Keuns (7).
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V. TEST RESULTS

Only the moat vrominent results are inoluded in thie report,
contalned in f£1i es 3 to 35, From numerous observations, the
relation oa(oqf'?m.for various valuss of @ = oonstant og(ey) also
for verious values of the geometrical angle of attack a = oconstant
and the ourves og = f(a,) for various values of o= oconstant
appear in all the diagrems from figure 6 on. It should be observed
thet along the ourves og(oy) the value of o5 1is not constant,
but inoreasss with og. The corresponding =value ocan be found on
the og(0Q) ourve; the values of og{oy) foi various oq= oonstant-
are indioceted by dotted line,.

Figure 3 revresente o, = f(Ng) for the wing provided with a
flap as in figure 1, tyne a. The opntimum defleoctlon of the hinged
noss, without blowing air fram the wing, was determined by finding
cq at flep deflections T = 0° and M =30° and at various

angles of attack (a = constant) for wurying hinged nose engle.
Frar the latter tests optimem of the hinged nose angle is at Ty =159
Tt must be stated that the inorease dus to the effect of this

device 1s relatively small,

Effeot of blowlrg out air at the hinged nose is shown by the
diagrams of Pfigure i+ The 1ift coeffiocient is obtained as functicn
of theblown-out volume at the hinged nose 'N) for constant
flap dcflection { Ti = 30°) and constant blown-out volume at the
flap (oQ = 0,0195), varying the hinged-nose defleotiom. The curves <
oy =f(o3y) 1n figure 4 sar: always, given for that angle of attack,,
where at highest o the flow is still definitely unserarated
along the wing and flap. When this volume is reduced, gradual
separation of flow appears on the wing,

It is evident that at the applied defleotions of hinged nose,
-unseparated flow along the wing ooculd be maintained and og
lnoreased considerably by the air blown out at the hinged nose. It
will be noted, however, that a shaller volume of blown-out air
1s required to obtain the same and higher vr.lues of cg, by comparing
with teats for open-eglat position and air blown out at the flar enly
{(fige 7 (M =359 and fige. 18). The conolusion of the tests
discussed is that a slat has a more favorable effect than a hinged
noses Due to this faot, the remainder of these tests avply to the
wing unaltored nose-seotion and with slat,.

Tosts inoluding various positions of the slat (with flap
type &, fige 1) at flap defleotions M= 0° and M =30°, with-
out air being blown out, are renmresented by figure 5. For m = 30°
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the optimum position of the slat was found to be 7Te (denoting pouiticn
"~ of the point -of -reference,. fig. .1), with .elat and wing forming a :

* glot Uy millimeterswide, - Bith closed flan the optimum position, in
the upper diagram, figure 5, is only slightly different from Te (1)
{position 7e, slot U millimeters.

The onti.mum slat nosition was determined in a further test at . -
open flap, with air being blown cut at the flap; as above, the best
position, fouhd in this cage was 7e (14).. The corresvonding diagrams
are not Included in this report.

PLAIN FLAP

With the best slat positions thus available, ¢, = £(cq)
was then determined at various angles of attack using the types of
flap shown In figure 1. These measurements are represcnbed by
figures 6 to 8. Only a slight inorease in o oould be attained
by blowlug when the offset flap was ussd (fig. 1, type a), therefore
teets with this type of flup have been d:lscontinued. Results of
tests made ere not shown in the report. :

Alir blowing vroduced oonslderably improved effeats with the
offset filled in (fig. 1, type b); the ocorresponding measurements are
contained in figure 2 Unseparated flow along the flav ocould be
maintained to & maximm flap defleotion of M = 35°; the results
shown are for this angle,

Information galned from tests on an airfoil of O perocent
thiokness (reference 3 page 8) made it probable that more advantageous
oa,(oq) ourves could be obtalned with a flap, which when in oven
poaltion, follows the original contowr of the alrfoil nearer to
the blowing-out &lit, than with one of figure 1, tyne b. There-
fare a layer of plastiline wae applied to the flavn, produocing the
tyve "moderntely thiokened® (fig, 1,.type o), Using this type,
the flow oould be kevt unserarated arourd the flep by eir-blowing
up to M'=4L0% The test results, shown in figure 7 for bthe
maximum obtainable angle of attack with unsepirated flow was still
being mainteined, indicate in comparison to figure 6 that, for

. equal wvalues of 6y, the 11t coeffiolents are higher in the 1a.t‘ber

case.

By building up the-flao further (fige 1,.tyns d); resulting in
the "heavily thiockened® » unseparated flow along the flap could
be maintained up to T = j5% The oorresponding measuremexts,

represented by figures 8 and 9, show that oocmparcd to type e .to o
effective defleotilon angls of the flap was inoreased still more, with
a oorresponding inorease in lift ococefficient at egqual values of oQe
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Flaps type o and d, obtained by bullding up the thiockness
with plastiline, had ths experimental disadvantage that flap defleotion
oould be varied within very narrow limits only. Tests on type 4
were restricted to M = L5°. 1In order to obtain measuremesnts for
a wider range of flap deflectlions, the tests on types in figure 1
were soon discontinued. The wing was rebuilt and provided with a
plain flap as in figure 2, type e, Beslde the latter tyve, tests
were run with the slotted flap (fig. 2, type f). The tests on
types e and f followed & few months after the ones desoribed
above had been completed. .

In using the nlain flap (fig. 2) ocare had to be taken that there
should bs no break in ocontour caused by the contour of the opened
flap falling below that of the original airfoll.

Results of tests with this flap, for M = L5° and closed slat,
are cortalned in figure 10, at the same width of the blowing-out
slit as in figures B and G (s = 0.006671)., Comparison with figure 8
indiocates thait.values of oa(oq) are about the same as those
obtained with the "heavily thiokened™ flap (type a4).

To find the effect of the width of the slit, the same type of
flap was tested with a narrower slit (8 = 0.00551) likewiss with
closed slat and at M = }5° and the og(0g) relationship determined.
The resulting oy - values, as 1t was expeoted, are somewhat higher,
using the narrower slit, at equal o5 (fig. 11). Neutrally, the
oorresponding valuee of op are inoreassd as well.

Obgervations of flow around the flap indicated that etill higher
values of og (at equal cs) may be obtained by shifting the flav
toward the suotion side. The flap was therefore so shifted that it
extonded somewhet beyond the wing oontour of the suction side,
at the same time however, for constructional reasons, it had to
be disvlaced aft to some extent. These displecements amount to
1 millimeter (0.C0331) toward the suction side and 0.5 millimeter
(0.001661) aft. It is seen from a comparison of figures 10 and 15
that o 1s further inoreased by shifting the flap.

"The remainder of the tests with plain flap (figs. 12 to 19) have
been oonducted with the flap in the latter position. Again the first
thing determined was the most advantageous slat position, which is
slightly different from the previous positions The best results for
the rebuilt wing are for slat position Ge (16). (See page 6 for
designation.) The measurements are no% shown in detail.

The general results agree with those from earlier tests on other
airfoils and flavs with aelr-blowing arrangement. For small defleotions
of flaps the inorease in o, with the blown-out volume is relatively
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small. At larger defleotion sngles (M= 30° 45°) and low
values of o4, the value of og £first dscreasss belolr that for o= O,
comes to a nimm, then inocreases considerably with on. A marke
inorease always begine when og = 0.006 to 0.007, corresponding to
the equation giving the ratio of mean blowing—out veloolty vgq to
airepeed vi )

Ya _ 1 —
= °Q == 0.9 to 1,05

Also thie 13 in agreement with earller tests.

It appears from the thsoretical curves og " in the og(a)
diagrams, that with increasing 09, the experimeatal values more and
more anvroach the theoretical lift coceffiolents. Already at opn = 0.020
and even at o2 = 0.015 for amall flun deflections, the experimental and
theoretioal values ar:s in olose agresment. In some oases the
exverinentally obtained 1lift ocoefficlents even exoceed the theoretioal
values,

This fact 1s easlly understood by r<alizing that the momentum
of blown-out air adde a component in the direotion of 1ift and that
at high blowling veloclties the effecotive ochord length of the wing
may be considered inoreased due to the blown-ocut jet of air,

Also, 1f the tralling edge 18 not perfectly well defined,
with the great energy being conveysd to the boundary layer by blowing-
out -of air, disnlacerent of the stagnatlion point beyond the rosition
otherwise determined by the trailing edge will sametimes take
place, ocausing o to inorsase.

Rhich of these factors 1s vredominant in the inerease of 1lift
beyond its theoretical values, is a question still in need of closer
investigetion.

It 1s seen from the og(0q) ourves that while at oonstant «
and Iinoreasing og the 11ft coeffioient :lnoreases considerably,

no systematio varlation oocurs in the ourves a:—- that 1s the rlope

of the oy4(a,) funotiom. Furthermore. the angle of attack of
maxirum 1ift seems to become smrller as oQ inoreases.

Figures 15 and 19 give, for example, the following oq inoroases,
with plain flap (fig. 2, type e) at a_, =oonst:
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PLAIN FLAP
r - . e o e e
n=15° ] 1 oq] _9.]L?-_°.1_ o015 | oo |
a_ = -5 i 8lat olosed | Ao, i:-g— 0.2 | 11 | ! 1.65
! Slat opened | A-o.;-!. 0 101;5-, .17 { .71

e Sy P Vg o M w4 8 S v e (P S amen AR e W,

d
The following table contalne voluss of the quantity 6'_:1' R

dendting flap effectiveness. These arc taken from the og(ag)
ourveg at oconstant 1ift, -0 = 1 and sinoe they were determined
over a range of deflections from M =0° ¢to L5°, represent mean
values for that range of ®.

PLAIN FLAP o
og | o | 0010 | 0015 | 0,055 |
Slat closed il 3%1 -0.299 i =04305 \ -0-’455 l ~0.55%
Ei;:;;~'-"f g: PP "g_:c;.;aéz ".E_.i;éa——! osl9
- S | PSRN S R, H - s e o]

o)
These values show a siseable inorease in -% as the volume

coefflclent op beocomes greater. There i1e no signifiocent difference
betweer the va?ues for a wing with open slat and those with slat
olosed. Bhould these values be compared to the ocorresponding

Oa obtained with flaps with no boundary-layer control, it is

emphasized that the values obtained in the latter case apply te a
very limited range of deflections, while those in the table hsre
given are taken for the entire range of m = 0° to L5°.

Glauert*s theory gives g—:—\ ==0s60 for e flap having equal
ohord length to the one tested.

Bffect of a slat, together with that of blowing out air at the
flep, is substantlally the same as the effeot of slat only, with the
ocustomary plain flape It oonslsts of widening the range of effective
angle of attack toward larger angles, thereby inoreasing GEE.L

% franslator's Notes Presumably -0.322.
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SLOTTED FLAP -

The Pirst objeotive wis, as above, to Find the optimum hinge -
position of the slotted flap during blowing out air. Detailsed
results of thie investigation are amitted. Highest values of
og(at equal o). were obtalned when the hinge was shifted

.. Vmilimeter (0.0033.1) toward the -suction side and at the same time

5 mlimeters (0.,0167 1) aft, as compared with the original positiom.
It 1s again oharacteristio that as in the former tests, the upper
flap surface extends somewhat beyond the original contour of the
airfoil.

Test results with elotted flap, for slat open as well as
olosed, are shown in figures 205027. The og(0q) rslationships-
are not fundamentally different from those pertaining to the plain
flap, although, for corresronding values of oq the o, - values
are throughout higher for the slotted flav. It should be oousidered
that slits for blowing out air were narrower in the latter case.

Flgures 23 and 27 yleld the following o, = inoreases, at
oconstent angle of attack snd conmstant flap deflections

SLOTTED FLAP
: -
n =ks° | . oy | 0| 0.010 | 0.015; 0,020
ot SR FETE SRR E e e ——— s e
| 9o==5° | Slat olosed [Ac, | O | 0.8 1L | 2.12
i : =1 .
[ §lat open AoaTi 0 | 057 : LU5 ! 2.20

For purpose of comparison the following results of test on
8 25012 airfoil with suotion - type flap are quoted from a report
by Regenscheit (8). These are, though, referring to a flap with a
chord length of only 20 percent wing chord. The increase in 1ift
ocefficlents are based on the valuos of o,=0 (pege 6)

e-;; = 0.020 Aea = loh



Consldering that thes flap used in the suotion tests is of
shorter chord length, it may be stated that about equal results were
obtained for oq = 0,015, while at o0y 0,020 1ift 1s inoreased
more by blowing chnnby suoction. T

Values of SE% for slotted flap are given in the table below,
obtained from the og{a,) ourves at 0= 1 and far M = 0° to L5%

SLOTTED FLAP

0

000201'

0,010 | 0.015

-

I

} 0,293 <0329 | -0.467 | -0.541
! b
i

— e G e

F 81at oclosed

B D N e

-0.270 | =0.277 | =0.478 ! -o.6o1j

R8RS

8lat opened i

N

The above valuss for 6= 0.020 apply toM = 30° +to h5°,
since at larger volume accefficients the alotted flap was not tested
at small deflection angles. Also here oconsiderable increase

in 0 is noted with inoreasing oQ. Theoretical value
(Glauert)s 0,61.°

To ascertaln any difference between values of e, determined
in tests with the blown-cut volums being increaded end value of og
with volume being reduoced, several c¢g(c)) ourves bave bsen obtained
using both procedures. An instancs of these tests (see fig. 28)
gshows that no difference can be obaerved; morsover, the same value of
0g Was obtained for equal volume ooefficlents, regardless whether
the volums was inoreased from zero ar reduced from a high value,

Examples of pressure distribution along the slotted flap
ohtained for the purpose of flap-moment determination, are shown in
figure 29, for various volume coefficients. Evidently unusually
sharp peakas of low Pressuro may appear in the air-blowing procedure
on the leading edge of the. flap,

Figures 30 and 31 represent flap-mament coefficlentes o, as
function of o) determined fram pressure distributions, for
various angles of attacks Within the range of the latter investigated,
the magnitude of moment ooceffioient is inoreasing with volume of
blomn-out air, while it is almost independent of angle -of attaok,

B .fransglator®s Note: =0.61
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Conspiouous is the faot that toward higher values of o5 op
beoomss smaller at M = L5 +than at T = 30°, The ocause of this
phenomenon probably 1s that at large deflections the pressure
peaks desoribed above, shift further forward on the leading edge
of the flap, producing shorter moment erm with respect to the hinge,
thus reduoing moment of the tangential foroce oomponent.

Figurcg 32 to 35 represent the coefficlent of normal force op

as well as that of tangential force oq as funotion of the
volume ocefficlent. , .

VI. CONCLUSIONS

Tests have been conducted to inorease lift of a NACA 23012-4,
alrfoil, provided with slat, hinged nose and plain or slotted flap,
by means of blowing out air from the wing. Air was blown out '
immediately in front of the flap, rlso, when in open position,
immediately behind the hinged nose,.

Using plain flap (7 =L5°), at optimum slat position the 1lift
coeffloients obtained

No air being blown out, 6y=0 O max = 2.18

°2= 0.020 oﬂ_mx = 3.70
Corresponding Values for Slotted Flap:

°Q= o} [+] = 2-38

Smax
0. = 0,020 %8 oy ° 4.0

%

o
The effectivenese of the flap, indicated by S—:—;, was considerably

incressed by blowing out air. For o4 =1 and flap deflections up
to n = 159, the following values were obtained:

da
. =0 = «=0.,271
2 gﬂ
= —g= -
0, =0.020 by 0.549
The corresponding theoretiocal value is 0460.°

®Iranslator's Notes Presumebly <0.8&0.
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With 8lotted Plaps
| 0 2 o 020
02 = b,n ‘0.27

' - er_ f
02 —0.020 * a'n— '0.&1

dg
Theoretical value: an = =0.61

The slat produced no particular effeots in comvarisoen o a
slat used on a wing with no boundary-layer oontrol. Only a slight
inorease in ©Oapj,, has been cbserved that could be attributed to
the hinged nose. By blowing out air et the hinged noss, in additionm,
unsevarated flow was mailntained at larger angles of attack,
increasing 1ift at the same time. Still, ths highest 1lift coeffioclents
were measured when the total avallable air volume was blown out

at the flap only.

Trensleted by He Plkler -
Goodyear Airoraft Corporation
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Fig. 1: 23012-64 airfoil with slat, hinged nose and plain flap;
various types of plain flap, used at first in the tests.
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Fig. 2: 23012-64 ailrfoil with slat, second type of plain flep and
slotted flap.
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2a: Slotted flap, type f; Postion

of pressure tubes,.

Maximum 1ift vs, hinged n.ose
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Fig. 4: Change of 1lift by blowing out

2i~ aft of hinged nose with plain flap type.
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Fig. 5: Determination of most favorable
slat position for wing with plain
flap type b, without. blowing out
air.
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Fig. 8: Wing with plain flap type d; flap theavily thickened®

s = .006671; slat closed.
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Fig. 9: Wing with plain flap type d; vheavily thickened® flap;

s = .006671; slat in position 7e(1l4).
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Fig. 10: Wing with plain flap type e; hinge in O-position;
s = .006671:; slat closed.
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Fig. 11: Wing with plain flap type e; hinge in O-position; s = .0055%;
slat closed.
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Fig. 12: Wing with plain flap type e; hinge position displaced;
s = .006671; slat closed.
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Fig. 13: Wing with plain flap type e; hinge position displaced;
8 = .006671; slat closed.
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Fig. 1l4: Wing with plain flap type e; hinge position
displaced; s = .006671; slat closed.

P ——

[ 2]
.“’—‘/E( -05 ’CH 0 .
N 10°

001 ca 002 -10° 0 [

Fig. 15: Wing with plain flap type e; hinge position displaced;
s = .006671; slat closed.
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Fig. 17: Wing with plain flap type e; hinge position displaced;
8 =.006671; slat position; 6e(1l6).
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Fig. 18: Wing with plain flap type e; hinge position displaced;
s = .,006671; slat position 6e(1l6).
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Fig. 19: Wing with plain flap type e; hinge position displaced;
g =.006671; slat position 6e(16).
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Fig. 20: Wing with slotted flap type f; s =,005 [ slat closed.
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Fig.21: Wing with slotted flap type f; s =,0051; slat closed.
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Fig. 22: Wing with slotted flap type f; s = 005;;
slat closed.
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Fig. 23: Wing with slotted flap type f; s =.0051; slat closed.
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Figs. 26,27
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Fig. 26: Wing with slotted flap type f; s = .0051;

slat position 6e(16).
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Fig. 28: Wing with slotted flep type f; s = .005]; slat position 6e(16):
Test run at increasing and decreasing volume n = 3Q°,
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Fig. 29: Pressure distribution
along slotted flap
type f; s = .0051;
slat closed.
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Figs. 30,31
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Fig. 32: Slotted flap normal force coefficients
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Fig. 34: Slotted flap tangential force coefficients
type f; 8 = .005l; slat closed.
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Fig. 35: Slotted flap tangential force coefficients
type f; s = .005l; slat open.



